Introduction
Mechanical properties constitute the most unique s t a t e are due t o the random directions of vibrations characteristics of glassy metals. There has been of the different atoms.
considerable interest in characterizing t h e i r behaviour, not yet well understood ('I. In t h i s paper,
we present an approach to t h e i r e l a s t i c properties based on a t i g h t binding model already used with success t o describe various properties of c r y s t a l l ine transition metals (2, 3) and electronic structure of amorphous metals ( 4 ) .
Experimentally we f i r s t note t h a t the density in the glassy metals is cnly about 1-2 % l e s s than in the corresponding crystals. The Young's modulus E and the shear stiffness p are generally lower by 20 t o 40 % i n the amorphous s t a t e but the bulk mdulus K is only lowered by a few % , . he temperature coefficients of p and K are s l i g h t l y larger in the amorphous s t a t c . The relatively large decrease i n the shear stiffness i n the amorphous s t a t e has been attributed t o the internal displacements inherent i n a disordered structure (6) . The Debye frequency measured from low temperature specific heat capacity is lowered by about 15 % in the glassy s t a t e and according t o some authors i n agreement with corresponding measurements of sound velocities (7). &re we w i l l show t h a t the main differences of the mechanical properties of glassy metals with the crystalline 2.
?,any physical properties of transition metals and alloys have been explained through a t i g h t binding
scheme, giving an a t t r a c t i v e electronic contribution E to the energy proportional t o the bandwidth. Equi-B librium is maintained through a repulsive energy con- 
where n(E) is the electronic density of states. In the t i g h t binding approximation, n(E) can be evaluated through its monents which can be calculated in both crystalline and amorphous structures as a trace of product of matrices (294). 3 e process of the calculation o'f mments and of derivation of the density of s t a t e s through a continued fraction expansion has been described i n Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19808203
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JOURNAL DE PHYSIQUE d e t a i l in previous a r t i c l e s ( 2 y 4 9 8 ) .
6 Z s -1.
In order t o have analytical calculations, we cons i d e r only the f i r s t three moments, which i s a q u i t e j u s t i f i e d approximation in amorphous materials where t h e i r convergence i s rapid ( 4 ) . : . : e thus obtain where EF is the Fermi energy. The second moment u2
can be written in t e n s of the two center S l a t e r Koster nearest neighbour hopping integrals (2, 4) In a disordered material, one has t o take into account the variation of these integrals with distance. Cne can show that a reasonable approximation i s thus t o
writc (394) w k r e i , j label nearest neighbour l a t t i c e s i t e s , t i s an e f f e c t i v e overlap integral and qXo = 3 f o r the equilibrium interatomic Pb c r y s t a l l i n e distance.
For a disordered s t a t e , one has t o average overall the possible atomic configurations. S m t i o n on l a t t i c e s i t e s i , j w i l l be achieved through the p a i r r a d i a l distribution function g ( r ) .
For instance, the repulsive p a r t of the e n e r B i s
The change in the interatomic distance is very s n a l l .
The corresponding change i n the t o t a l energy E is , Y f i r s t coordination s h e l l of atoms, with a coordinaand the j t i o n nunber Z and a radius \a, SO t h a t For the r a t i o of the respective values of the shear a modulus i n the amorphous and c r y s t a l l i n e s t a t e , we % = za e-PRoa (4) thus g e t : In fhat case, the'&ange 6R = %a-Ro of the mean i n - 
: ( 3 cos2 +;-I) c r y s t a l l i n e s t a t e is J J where the bracket means a configurational average.
F Q~ a. f c c c r y s t a l , Eq. (5) leads t o
with the usual values f o r t r a n s i t i o n metals of ( 3)
The precise value of t h i s r a t i o depends on the s t r u ct u r a l model used f o r the glassy s t a t e . Here l e t us just point out f o r example t h a t through the Lindenan c r i t e r i o n for melting, we obtain an e stimate of the glass tenperature a s
The lowering of the Debye frequency i s a l s o r e l ated t o the lowering i n the transverse sound velocity, thus i n the shear modulus. Indeed, wg is related t o the transverse and longitudinal sound v e l o c i t i e s a = 4. In a glassy metal, a and uE depend not only
on the direction of vibrations but also on the s i t e T S~ considered. A p a r t i c u l a r atom w i l l thus vibrate i n where p is the SL is given the the direction dbse sinstein frequency is , , , i n h a bulk modulus and therefore is not changed very much
The average value of wE is similar t o the value for i n the amorphous s t a t e . US the decrease of % is the fcc c r y s t a l a s the average value of a on a sphere due the decrease of which is 1 is a l s o -.
r e l a t e d t o the shear modulus p by l~ is thus lowered by about 20 0, i n the glassy s t a t e .
In conclusion, we have been able t o explain i n a semiquantitative way the lowering of the k b y e t e nperature and the shear modulus by taking intoaccount the f a c t t h a t an individual atom w i l l vibrate not along the direction of polarization of the wave but in the direction of e a s i e s t vibrations even i f on the average the wave is polarized. These directions of e a s i e s t vibrations are related t o the s t r u c t u r a l description of the glassy s t a t e and ensure the oc-.
currence of s o f t modes. A nore precise calculation would need a b e t t e r knowledge of the atomic arrangements in a glassy metal and a r e a l description of the e f f e c t of alloying which should play a l s o an important role in view of the p e c u l a r i t i e s of t h e i r phase diagrams.
